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FILTER, COHERENT RECEIVER DEVICE
AND COHERENT RECEIVING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from  Chinese Patent Application No.

201010140039.5 filed on Apr. 2, 2010, the entire contents of
which are imncorporated herein by reference.

FIELD OF THE INVENTION

The present 1invention relates to a filter, coherent receiver
device and method, and particularly, to a pre-filter, coherent
receiver device and coherent receiving method of Partial
Response Quadrature Amplitude Modulation (PR-QAM)

system.

BACKGROUND OF THE INVENTION

The optical fiber transmission system of low cost and high
capacity 1s the development direction 1n the future optical
communication. In order to further reduce the cost of single
bit transportation and improve the capacity of single optical
fiber, using the advanced modulation format having more
compact spectrum 1s a good solution. The Partial Response
(Quadrature Amplitude Modulation (PR-QAM) 1s also called
as Quadrature Partial Response (QPR ) system, as 1t has a high
spectral efficiency, related studies have been carried out in the
field of optical communication. PR-QAM 1s a modulation
format that combines the characteristics of the partial
response and the quadrature amplitude modulation. The par-
tial response system achieves a high spectral efficiency by
introducing controlled Inter-Symbol Interference (ISI). In the
partial response system, the first category of partial response
signal 1s also called as duobinary signal, which has a smooth
spectrum and can be generated by a physically implement-
able filter, and hence 1s widely studied and applied.

Currently, the coherent receiver device provided with
respect to the PR-QAM optical communication system does
not adopt adaptive equalization technique. In order to exert
the advantages of the digital signal processing (DSP) tech-
nique 1n functions and performances, the adaptive equaliza-
tion technique 1s expected to be widely used 1n the coherent
receiver of the PR-QAM system to overcome the linear dam-
age caused by the link. However, the constant modulus algo-
rithm (CMA) or 1ts improved equalization algorithm com-
monly used 1n the coherent recerver cannot be directly used in
the PR-QAM system. This 1s because an important precon-
dition of the CMA and 1ts improved algorithm 1s that the
signal to be processed shall meet the statistic characteristic
requirement of mdependent 1dentical distribution, while the
PR-QAM system violates the requirement because 1t 1ntro-
duces the controlled ISI, thus the receiver device needs to be
redesigned. The method of iserting digital pre-filter and
post-filter 1n front of and behind the CMA-based adaptive
equalization module respectively can effectively solve this
problem. However, the conventional technique assumes that
the system does not have the problem of carrier phase recov-
ery 1n the typical optical coherent communication system, or
has eliminated the problem of phase mismatching by using
the phase lock loop technique of the receiver front end. But
due to the defect caused by the loop-delay of the phase lock
loop, the equalization 1s generally expected to be performed
in the optical communication system prior to the phase recov-
ery 1n the digital domain. In addition, the pre-filter device 1n
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the conventional technique 1s relatively complicated, which
increases the complexity of hardware.

Literatures beneficial for understanding the present inven-
tion and the prior art are listed as follows, and they are incor-
porated herein by reference, as 11 completely described 1n this
text.

1. “Partial response, quadrature amplitude modulation sys-
tem” Tadayoshi Katoh, U.S. Pat. No. 4,055,727, Oct. 25,

1977.
2. “Method and apparatus for partial response demodula-
tion”, Leo Montrewl, U.S. Pat. No. 5,214,390, May 25,

1993,
3. Kazuro KIKUCHI, Yuta ISHIKAWA, and Kazuhiro
KATOH, “Coherent Demodulation of Optical Quadrature

Duobinary Signal with Spectral Efficiency o1 4 bit/s/Hz per
Polarization,” ECOC 07, Sep. 16-20, 2007 Berlin, Ger-
many.

4. Ilya Lyubomirsky, “Quadrature Duobinary for High-Spec-
tral Efficiency 100G Transmission,” Journal of Lightwave
Technology, to be published (www.ee.ucr.edu/~1lyubomi/
JLT-11759-2009-Final.pdif)

5. I. Lyubomirsky, “Quadrature duobinary modulation for
100G transmission beyond the Nyquist limit,” to be pre-
sented 1 Optical Fiber Communication Conference
(OFC), paper OThM4, San Diego, USA, March 2010.

6. Peter Kabal and Subbarayan Pasupathy, “Partial-response
signaling,” IEEE Transactions on Communications, Vol.
23, No. 9, pp. 921-934, September 1975

7. Iitendra K. Tugnait and Uma Gummadavelli, “Blind
Equalization and Channel Estimation with Partial
Response Input Signals,” IEEE Transactions on Commu-
nications, vol. 45, no. 9, pp. 1025-1031, September 1997

8.Ezralp and J osephM Kahn “Feed fomard Carrier Recov-
ery for Coherent Optical Communications,” Journal of
Lightware Technology, vol. 25, n0. 9, pp. 2675-2692, Sep-
tember 2007

9. Andreas Leven, Noriaki Kaneda, Ut-VaKoc, and Young-
Kai1 Chen, “Frequency Estimation in Intradyne Reception,”

IEEE Photonic Technology Letters, vol. 19, no. 6, pp.

366-368, March 2007.

SUMMARY OF THE INVENTION

The present invention 1s developed with respect to one or
more problems caused by the limitation of the prior art, and
provides at least one beneficial selection.

According to an aspect of the present invention, a filter 1s
provided for converting a partial response signal nto a full
response signal, wherein the filter uses the following transier

tunction H,,__~.;,..(z) with respect to a partial response signal
having a transfer function H, . (z2)=A(1+z " )"(1-z"")":

1
Al + az71 Y (1 —az7 1)’

Hpre Fitter(Z) =

in which A 1s other 1tem, m and n are integers larger than or
equal to 0 but not being 0 at the same time, O<a<1.

In one embodiment, the A takes a value as 1.

In one embodiment, the m takes a value as 1, and the n takes
a value as 0.

In one embodiment, a 1s between 0.75 and 0.85.

The usage of the pre-filter according to the present inven-
tion makes it possible to use the CMA and its improved
equalization algorithm 1n the optical coherent recerver device,
so that the optical coherent receiver can easily and reliably
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process the linear damage caused by the link. In addition, the
filter function of the pre-filter according to the embodiments
of the present mvention 1s very simple, thus the pre-filter
according to the embodiments of the present invention has a
simple structure, a low order, and hence a low cost.

According to another aspect of the present invention, a
coherent receiver device 1s provided, including a recerver
front end for converting a recerved partial response optical
signal into a partial response digital signal; a pre-filter accord-
ing to the previous aspects for converting the partial response
digital signal 1nto a full response digital signal; an equalizing
device for equalizing the pre-filtered full response digital
signal; a phase recovering device for performing a phase
recovery of a signal equalized by the equalizing device; and a
post-filter for post-filtering a signal having undergone a phase
recovery by the phase recovering device, wherein a transier
function of the post-filter 1s same as that of the partial
response digital signal.

In one embodiment, the equalizing device performs an
adaptive equalization by using a CMA or an improved algo-

rithm based on the CMA.

According to another aspect of the present invention, a
coherent recetving method 1s provided, including: a front end
processing process for converting a received partial response
optical signal into a partial response digital signal; a pre-
filtering process for converting the partial response digital
signal ito a full response digital signal by using a filter
according to the previous aspects; an equalizing process for
equalizing the full response digital signal; a phase recovering
process for performing a phase recovery of a signal having
undergone the equalizing process; and a post-filtering process
for post-filtering a phase recovered signal having undergone
the phase recovering process, wherein a transier function
used in the post-filtering process 1s same as that of the partial
response digital signal.

In the coherent recerver device and the coherent recerving,
method according to the embodiments of the present inven-
tion, since the pre-filter according to the embodiments of the
present invention 1s used, CMA and 1ts improved equalization
algorithm can be adopted, so as to easily and reliably process

the linear damage caused by the link. In addition, the structure
1s very simple and the cost 1s low.

The coherent recerver according to the embodiments of the
present 1nvention places the phase recovering module
between the pre-filter and the post-filter, so as to consider the
function of phase recovery, and a feedback system (e.g., the
phase lock loop in the simulation domain) 1s no longer
required for the phase recovery. In addition, the complexity of
the phase recovering device 1s maintained low.

In addition, the method and device (filter and coherent
receiver) of the present mvention are suitable to any appro-
priate system using PR-QAM, including various partial
response types and QAM of various scales, thus they have a
very good universality.

These and further aspects, embodiments and features of the
present invention will be clearer with reference to the follow-
ing descriptions and drawings. The specific embodiments of
the present invention are detailedly disclosed 1n the following
descriptions and drawings to point out the ways of using the
principle of the present invention. But 1t shall be appreciated
that the scope of the present invention 1s not limited by these
embodiments, and the embodiments of the present invention
include many changes, modifications and equivalents within
the scope of the spirit and provisions of the accompanied
claims.
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4

Features described and/or illustrated with respect to one
embodiment can be used 1n one or more other embodiments 1n
a same or similar way, and/or combine with or replace fea-
tures 1n other embodiments.

To be noted, the term “include/comprise” or “including/
comprising’ herein refers to existence of feature, component,
step and assembly, not excluding existence or addition of one
or more other features, components, steps, assemblies or a
combination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a schematic diagram of a coherent optical
receiver device according to an embodiment of the present
invention.

FIG. 2 1llustrates a structural diagram of a receiver front
end according to an embodiment of the present invention.

FIG. 3 schematically 1llustrates a structural diagram of a
pre-filter with respect to duobinary signal according to an
embodiment of the present invention.

FIG. 4 1llustrates a DSP portion of a coherent receiver
according to an embodiment of the present invention.

FIG. S1illustrates an example of arecerver front end that can
be used for the coherent receiver as 1llustrated 1n FIG. 4.

FIG. 6 1llustrates a schematic flowchart of a coherent
receiving method according to an embodiment of the present
invention.

DETAILED DESCRIPTIONS OF TH.
INVENTION

T

Descriptions of respective embodiments of the present
invention are given as follows in conjunction with the draw-
ings. These embodiments are just exemplary, imnstead of limi-
tations to the present invention. In order that a person skilled
in the art can easily understand the principle and embodi-
ments ol the present invention, the embodiments of the
present invention are described by taking the optical commu-
nication system as an example. To be noted, the embodiments
of the present invention are suitable to all communication
systems using PR-QAM modulation format, and are not lim-
ited to the optical communication system.

FIG. 1 illustrates a schematic diagram of a coherent optical
receiver device according to an embodiment of the present
invention. To be noted, other components which are neces-
sary for the receiver to complete its functions but not so
helpiul to describe and understand the present invention are
omitted in the drawings. These omitted components can be
implemented using various devices and methods well known
by a person skilled 1n the art currently or to be known in
future, and they can be implemented using commercially
available elements or specially fabricated components. These
omitted components or DSP modules for example include,
but not limited to, power supply, recerver front end unbalance
compensation module, large scale dispersion compensation
module, nonlinear compensation module, etc.

As 1llustrated 1n FIG. 1, a coherent receiver device 10
according to an embodiment of the present invention includes
arecerver front end 11, a pre-filter 12, an equalizer 13, a phase
recovering device 14, a post-filter 15 and a data recovering
device 16.

The recerver front end 11 1s configured to perform a front
end processing of a recerved signal (analog PR-QAM optical
signal 1n this embodiment). After the front end processing, the
analog PR-QQAM signal becomes a digital PR-QAM signal.
This signal 1s pre-filtered by the pre-filter 12. The equalizer 13
(preferably adaptive equalizer) equalizes the pre-filtered sig-
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nal (adaptive equalization), the phase recovering device 14
performs a phase recovery of the signal adaptively equalized,
and the post-filter 15 post-filters the signal having undergone
the phase recovery. The signal having post-filtered is sent to
the data recovering device 16 for a data recovery, and then
entered into the subsequent data processing.

FI1G. 2 illustrates a structural diagram of the receiver front
end 11 according to an embodiment of the present invention.

Asillustrated in FI1G. 2, the recerver front end 11 comprises
an optical mixer 112, a local oscillation laser 113, photoelec-
tric detectors 114, 115 and Analog-to-Digital Converters
(ADCs) 116, 117. The receiver front end 11 converts an
optical signal 111 into a base-band digital electric signal
I+, wherein I 1s an 1n-phase component, and QQ 1s a quadra-
ture component. In this text, the base-band digital electric
signal I+7Q) 1s the PR-QAM signal 1n the digital domain.

FIG. 2 1s just an example for implementing the receiver
front end 11, and a person skilled in the art can use other
structures to 1implement the recerver front end 11. The con-
structions and usages of the optical mixer 112, the local
oscillation laser 113, the photoelectric detectors 114, 115 and
the ADCs 116, 117 are clear to a person skilled in the art, and
hence are not described herein.

The pre-filter 12 1s used to convert a partial response signal
into a full response signal, 1.e., to remove an artificially con-
trolled portion ISI introduced by the partial response system.
A direct solution 1s to design the transier function of the
pre-filter as an inversion of the partial response transier func-
tion. But the mventor of the present invention finds that
according to the digital signal processing theory, the typical
partial response transier function has zero point on the com-
plex plane unit circle, thus the transter function does not have
a strict inversion, and the pre-filter transfer function shall be
designed as an approximate mversion (or called as quasi-
inversion) of the partial response transier function.

The z conversion (z domain transfer function) of the com-
mon partial response signal generally has the following uni-
versal form:

Hpp(2)=A(14z71Y"(1-z71Y?, wherein m,n=0

(1)

In fact, m and n are generally small integers; they have dii-
terent values under different partial response types, and will
not be zero at the same time. A 1s other 1tem, and its value and
expression varies with the partial response type. For example,
with respectto the very typical partial response type, the value
of A 1s usually 1. Of course, with respect to more complicated
partial response type, the value and expression of A may also
be complicated. For example, the transfer function with
respect to the typical first category of partial response signal
(also called as duobinary signal) 1s:

(2)

Based on the inventor’s study on the z conversion (z
domain transier function) of the shock response sequence of
the partial response, the present invention acquires the
approximate inversion ol the partial response transier func-

tion by adding a coelficient o.

According to an embodiment of the present invention, the
transier function (z domain transier function) Hy,__ ;.. (z) of
the pre-filter 12 1s determined as:

HpyobinarAZ) 1727 L wherein, m=1,#=0

1 (3)
Al + az7 D1 —az7 1)

HPFE—FE.{IEF(Z) —

wherienm, =0, O<ao <1
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6

Particularly, the pre-filter z domain transfer function for the
duobinary signal 1s

(4)

, O<a<l

HPFE—Fi.{IEr_DHDbEnmy(Z) = ]_+il’Z_l

As can be seen from equations (1) to (4), the parameter . 1s
introduced to move the zero point of the partial response
transier function into the unit circle on plane z, so as to obtain
the approximate inversion ol the partial response transier
function, and finally the condition that the partial response
has no strict mversion 1s effectively avoided. When o 1s
selected, an optimization shall be carried out according to the
actual system, but the following principles shall be observed:

1) o shall be close to 1, so that the approximation degree of
the iversion of the pre-filter transter function represented by
equation (3) in relation to the partial response shall be higher,
and the pre-filter can effectively eliminate the inter-symbol
correlation to meet the prerequisites of CMA and 1ts
improved algorithm.

2) at the same time, o shall not be infinitely close to 1,
because 1n that case, the pre-filter will infinitely amplify a part
ol the original noise, which may make the CMA not converge
or 1ts performance not i1deal.

The inventor of the present invention performs a simulation
ol the selection of the above coetlicient. The simulation envi-
ronment 1s set as the currently dominant 112 Gbat/soptical
fiber communication system, wherein the modulation format
1s duobinary-QPSK, 1.¢., the partial response type 1s the first
category, and the QAM selects QPSK; line width and fre-
quency difference of the laser are typical values of the current
technique; the optical fiber link 1s set as weak non-linear
transmission link, 1.e., mainly linear damage; the linear equal-
ization algorithm 1s the typical CMA; the phase recovery
algorithm 1s the most common biquadrate algorithm.
Through a large number of simulations, the optimal typical
value of . 1s generally 0.75~0.85.

FIG. 3 schematically illustrates a structural diagram of the
pre-filter 12 with respect to duobinary signal according to an
embodiment of the present invention.

As 1llustrated in FIG. 3, according to an embodiment of the
present invention, the pre-filter 12 includes: an adder 121, a
delayer 122 and a multiplier 123. The adder 121 adds an input
signal x(n) to an output of the multiplier 123 to obtain an
output signal y(n). The delayer 122 delays the output y(n) of
the adder 121 for a sample time to obtain y(n-1). The multi-
plier 123 multiplies the output of the delayer 122 with a
predetermined coelficient a, and the obtained product 1s
inputted to the adder 121.

To be noted, the structure of the pre-filter 12 as illustrated
in FIG. 3 1s just schematically and 1s not a limitation to the
present invention. A person skilled in the art can constitute
various pre-filters according to equation (4). In addition, a
person skilled 1n the art 1s completely able to implement
(obtain or fabricate) an appropriate pre-filter according to the
above equation (3) and the values of n and m.

Since the PR-QAM signal after going through the pre-filter
1s converted into the conventional QAM signal, an equaliza-
tion (preferably, adaptive equalization) and a phase recovery
can be carried out via an equalizer for conventional QAM
signal (e.g., adaptive equalizer based on CMA algorithm or
CMA mmproved algorithm) and a phase recovering device.
The phase recovering device for example includes a fre-
quency difference estimating module, a phase estimating
module and a phase recovering module. Any adaptive filter 13
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and phase recovery 14 known by a person skilled 1n the art can
be adopted. In one embodiment, for example the adaptive
equalizing device may adopt an adaptive equalizing device
disclosed 1n a Chinese patent application “Adaptive Balanc-
ing Device and Method thereof” with a publication number
CN101599929A by Liu Ling, Et. al., the adaptive equalizing
device and the phase recovering device may further adopt
those disclosed 1n a Chinese patent application “Device and
Method for Altering Filter Coetlicients” with a publication

number CN101552640 by Liu Ling, F

Et. al. These documents
are 1ncorporated herein by reference, as they are described
detailedly 1n this text. The carrier phase recovery 1s suitable to
the common algorithms for frequency difference estimation
and carrier phase estimation in coherent optical communica-
tions, such as the algorithms as described in previous Litera-
tures 8 and 9.

The post-filter 15 1s configured to convert the full response
signal back to the partial response signal, and 1t 1s correspond-
ing to the pre-filter 12. For example, when the pre-filter 12
adopts the transier function of equation (3), the post-filter 15
adopts the transfer function of equation (1); particularly,
when the pre-filter 12 adopts the transfer function of equation
(4), the post-filter 15 adopts the transfer function of equation
(2).

The data recovering device 16 may adopt various data
recovering devices for PR-QAM known by a person skilled in
the art, for example, symbol by symbol direct detection
device or maximum likelithood sequence detection device
(see Digital Communication (the 4™ edition), written by J. G.
Proakis, translated by Zhang Lijun, etc., Betjing: Electronic
Industry Press, 2006, pages 407 to 410).

According to the embodiment of the present invention, the
PR-QAM signal recerved by the optical reception front end
and having undergone an analog to digital conversion firstly
passes through the pre-filter in the embodiment of the present
invention, then undergoes a linear equalization by a linear
equalizer that adopts the specific constant modulus algorithm
(CMA) or improved algorithm upon actual demand, next
experiences a carrier phase recovery by the phase recovering
device, next goes through the post-filter, and finally achieves
a linearly-equalized and phase-recovered PR-QAM signal. In
the embodiment of the present invention, the carrier phase
recovering module 1s placed between the pre-filter and post-
filter, which brings many advantages. If the carrier phase
recovering module 1s placed in front of the pre-filter, a feed-
back system (using a phase lock loop in the simulation
domain) 1s required for the phase recovery since the signal 1s
not equalized; 11 the carrier phase recovering module 1s placed
behind the pre-filter, the carrier phase recovery shall be
amended correspondingly according to the constellation
characteristic of the PR-QAM signal, and the complexity 1s
higher.

The CMA suitable to conventional QAM signal and its
improved algorithm requires the signal to be equalized to
meet the statistic characteristic of independent 1dentical dis-
tribution. Since the controlled ISI 1s introduced for the origi-
nal QAM signal in the PR-QAM system, certain correlation1s
generated between adjacent symbols, thus the CMA and 1ts
improved algorithm cannot be directly applied to the PR-
QAM system. In the embodiment of the present invention, the
partial response signal 1s temporarily converted to the full
response signal by the pre-filter, 1.¢., the PR-QAM signal 1s
temporarily converted to the conventional QAM signal. Thus,
coherent receiver DSP algorithms (e.g., CMA and 1ts
improved algorithm, frequency difference estimation algo-
rithm, carrier phase estimation algorithm, etc.) with respect to

the conventional QAM signal can be applied directly without
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making any amendment, and these algorithms are techniques
well known by a person skilled 1n the art. After the equaliza-
tion and phase recovery are completed, the PR-QAM signal 1s
recovered through a symmetrical post-filter for the subse-
quent data decision and detection. Therefore, the embodi-
ment of the present mnvention makes 1t possible to reduce the
cost of the coherent recerver and improve 1ts performance by
using the pre-filter with simple structure and the above con-
figurations.

In addition, although 1n the above descriptions, the pre-
filter, adaptive equalizer, phase recovering device and post-
filter are described with respect to one channel of signal, the
embodiment of the present mnvention 1s also suitable to the
polarization multiplexing coherent light communication sys-
tem. In a polarization multiplexing coherent light communi-
cation system, the transmitting terminal transmits informa-
tion 1n both polarization states orthogonal to each other, and
the coherent optical receiver of polarization diversity 1s used
at the receiving terminal. In the digital coherent optical
receiver using polarization diversity, the pre-filter, eftc.
according to the embodiment of the present invention can also
be used.

FIG. 4 1illustrates a DSP portion of a coherent receiver
according to an embodiment of the present invention. As
illustrated 1n FIG. 4, the coherent receiver according to the
embodiment of the present imnvention includes two branches
with respect to H polanization direction signal and V polar-
1zation direction signal respectively. Each branch includes a
pre-filter 12, a phase recovering device 14, a post-filter 15,
and a data recovering device (not shown). The equalizing

device of the coherent receiver according to the embodiment
of the present invention uses a buttertly equalizer 13' (e.g.,
four FIR filters of CMA-based buttertly structure). W,,, W,
W, and W _  1n the figure represent the equivalent transfer
functions of the four FIR filters arranged 1n the buttertly
structure.

In the example as illustrated in FI1G. 4, the phase recovering,
device 14 1s shown as including a frequency difference esti-
mating module, a phase estimating module and a phase recov-
ering module.

In addition, although the phase recovering device and the
equalizing device are illustrated separately 1n FIG. 4 and the
phase recovering device 14 has no feedback with respect to
the equalizing device 13, the configuration 1s not limitative,
and the phase recovering device 1s completely possible to
provide adaptive feedback signal, control signal, coelficient
adjustment signal, etc. with respect to the equalizing device
13. The type and amount of the feedback signal are also not
limitations to the present invention.

FIG. S1llustrates an example of areceiver front end that can
be used for the coherent receiver as illustrated 1n FIG. 4. As
illustrated 1 FIG. 5, an mput optical signal of the recerver
front end 1s separated by a polarization beam splitter 211 into
two components (H polarization direction and V polarization
direction) connected to a first input port and a second 1nput
port of an optical 90° mixer 212, respectively. At the same
time, the output of a local oscillation laser (local laser) 213 of
the recerver 1s inputted to a polarization beam splitter 214, and
also separated into two components (H polarization direction
and V polarization direction), then entered into the optical 90°
mixer 212. The optical 90° mixer 212 mixes the inputted four
channels of signals, and the mixed signals are outputted to
two pairs of balance photoelectric detectors (PD) 215, 216,
respectively, and further outputted to two pairs of analog to
digital converters (ADCs) 217, 218, so as to obtain H polar-
1zation direction signal and V polarization direction signal.
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FIG. 6 illustrates a schematic flowchart of a coherent
receiving method according to an embodiment of the present
invention. As 1illustrated 1 FIG. 6, the coherent receiving
method according to the embodiment of the present invention
firstly performs a front end processing, in process S601, by
converting an input optical signal into a digital electric signal.
To be noted, the electric signal 1s PR-QAM electric signal
with respect to the embodiments of the present invention.

In process S602, pre-filtering the digital electric signal
acquired after the front end processing so as to convert a
partial response signal into a full response electric signal. In
this process, for example the transier function of equation (3)
1s used. Furthermore, in one embodiment, the transfer func-
tion of equation (4) 1s used with respect to the duobinary
signal.

In process S603, performing equalization and phase recov-
ery for the tull response signal acquired aiter the pre-filtra-
tion. In the preferred embodiment, an adaptive equalization 1s
carried out. The adaptive equalization may adopt an equal-
ization based on CMA or improved algorithm of CMA.

In process S604, post-filtering the phase-recovered signal,
so as to convert the full response signal back to the partial
response signal. For example, in case the transfer function of
equation (3) 1s used in the pre-filtering process, the transfer
function of equation (1) will be used in process S604, and 1n
case the transfer function of equation (4) 1s used in the pre-
filtering process, the transter function of equation (2) will be
used 1n process S604.

Finally, 1n process S60S5, processing such as subsequent
data recovery 1s carried out for the partial response signal
acquired after post-filtration. The data recovery can be carried
out using various methods known by a person skilled in the
art.

In case the coherent receiving method 1s used for a polar-
1zation multiplexing coherent optical commumnication system,
the front end processing process S601 converts the received
partial response signal into H polarization direction partial
response digital signal and V polarization direction partial
response digital signal; the pre-filtering process S602
includes H-path pre-filtering process that pre-filters the H
polarization direction partial response digital signal to gen-
erate a H polarization direction full response digital signal,
and V-path pre-filtering process that pre-filters the V polar-
1zation direction partial response digital signal to generateaV
polarization direction full response digital signal. In the
equalization and phase recovery process S603, the equaliza-
tion process uses a butterfly equalizer (e.g., four FIR filters
arranged 1n a buttertly structure) to perform a buttertly equal-
ization of the filtered H polarization direction full response
digital signal and V polarization direction full response digi-
tal signal, so as to generate H polarization direction full
response digital equalization signal and V polarization direc-
tion full response digital equalization signal; the phase recov-
ery process includes a H-path phase recovering process that
performs a phaserecovery for the H polarization direction full
response digital equalization signal, and a V-path phase
recovering process that performs a phase recovery for the V
polarization direction full response digital equalization sig-
nal.

The post-filtering process S604 includes a H-path post-
filtering process that post-filters the phase-recovered H polar-
1ization direction full response digital equalization signal, and
a V-path post-filtering process that post-filters the phase-re-
covered V polarization direction full response digital equal-
1zation signal.

The data recovery and other processing 1n process S605
can use any method known 1n this field, and have no substan-
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tial influence on the embodiments of the present invention,
thus herein are not described 1n details.

The above device and method of the present invention can
be implemented by hardware, or a combination of hardware
and software. The present ivention relates to such a com-
puter readable program that enables a logic part to implement
the previously described devices and components, or imple-
ment the previously described methods and processes, when
the program 1s executed by the logic part. The present inven-
tion also relates to storage medium for storing the above
program, ¢.g., hard disk, magnetic disk, optical disk, DVD
and flash memory.

The present invention 1s described 1n conjunction with the
above detailed embodiments. But a person skilled in the art
shall be clear that the descriptions are just exemplary, instead
of limitations to the protection scope of the present invention.
A person skilled 1n the art can make various modifications and
changes to the present invention based on spirit and principle
ol the present invention, and those modifications and changes
are also within the scope of the present invention.

What 1s claimed 1s:

1. A coherent recerver, comprising;:

a receiver front end for converting a recerved partial
response optical signal into a partial response digital
signal;

a pre-filter for converting the partial response digital signal
into a full response digital signal;

an equalizing device for equalizing the pre-filtered full
response digital signal;

a phase recovering device for performing a phase recovery
of a signal equalized by the equalizing device; and

a post-filter for post-filtering a signal having undergone a
phase recovery by the phase recovering device, so as to
recover the full response digital signal to the partial
response digital signal, wherein a transter function of the
post-filter 1s same as that of the partial response digital
signal,

wherein the pre-filter uses the following transfer function

H., .. (z) with respect to a partial response signal

having a transfer function H,.(z)=A(1+z~")"(1-z"")":

|
Al + az71Y"(1 —az 1)’

HPFE—FE!IEF(Z) —

in which A 1s other item, m and n are integers larger than or

equal to 0 but not being 0 at the same time, O<a<1.

2. The coherent recerver according to claim 1, wherein the
A takes a value as 1.

3. The coherent recerver according to claim 1, wherein the
m takes a value as 1, and the n takes a value as 0.

4. The coherent recerver according to claim 1, wherein o 1s
between 0.75 and 0.835.

5. The coherent recerver according to claim 1, wherein the
equalizing device performs an adaptive equalization by using
a constant modulus algorithm (CMA) or an improved algo-
rithm based on the CMA.

6. The coherent recerver according to claim 1, wherein

the coherent receiver 1s used for a polarization multiplex-

ing coherent light communication system;

the recerver front end 1s used converting the received opti-

cal signal into partial response digital signals in Hand V
polarization directions;

the coherent recerver further comprises another pre-filter

having a configuration same as that of the pre-filter,
another phase recovering device having a configuration
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same as that of the phase recovering device, and another
post-filter having a configuration same as that of the
post-filter,

the pre-filter pre-filters the partial response digital signal 1n
the H polarization direction to generate full response
digital signal in the H polarization direction;

the another pre-filter pre-filters the partial response digital
signal 1n the V polarization direction to generate full
response digital signal in the V polarization direction;

the equalizing device 1s a buttertly equalizer that performs
butterfly equalization and polarization de-multiplexing
of the filtered full response digital signals inthe Hand V
polarization directions, so as to obtain de-multiplexed
tull response digital equalization signals 1n the H and V
polarization directions;

the phase recovering device performs a phase recovery of
the full response digital equalization signal 1n the H
polarization direction,

the another phase recovering device performs a phase
recovery of the full response digital equalization signal
in the V polarization direction,

the post-filter post-filters the phase-recovered tull response
digital equalization signal 1in the H polarization direc-
tion, and

the another post-filter post-filters the phase-recovered full
response digital equalization signal 1n the V polarization
direction.

7. A coherent recerving method, comprising:

a Iront end processing process for converting a received
partial response optical signal into a partial response
digital signal;

a pre-filtering process for converting the partial response
digital signal into a full response digital signal, based on
partial response type of the partial response digital sig-
nal;

an equalizing process for equalizing the full response digi-
tal signal;

a phase recovering process for performing a phase recov-

ery of a signal having undergone the equalizing process;
and

a post-filtering process for post-filtering a phase recovered
signal having undergone the phase recovering process,
wherein a transfer function used in the post-filtering
process 1s same as that of the partial response digital
signal,

wherein the pre-filtering process uses the following trans-
fer function H,,_ .., (z) with respect to a partial

response signal having a transfer function H,,(z)=A(1+
2" (1-z7)"
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|
A(l + az71Y"(1 —az 1)’

HPrf—FHIEF(Z) —

in which A 1s other 1tem, m and n are integers larger than or
equal to 0 but not being 0 at the same time, O<a<1.

8. The coherent recerver according to claim 7, wherein the
A takes a value as 1.

9. The coherent recerver according to claim 7, wherein the
m takes a value as 1, and the n takes a value as 0.

10. The coherent receiver according to claim 7, wherein o
1s between 0.75 and 0.85.

11. The coherent recerving method according to claim 7,
wherein the equalizing process performs an adaptive equal-

ization by using a constant modulus algorithm (CMA) or an
improved algorithm based on the CMA.

12. The coherent recerving method according to claim 7,
wherein

the coherent recerving method 1s used for a polarization
multiplexing coherent light communication system;

the front end processing process converts the recetved opti-
cal signal into partial response digital signals in Hand V
polarization directions;

the pre-filtering process comprises a H-path pre-filtering

process for pre-filtering the partial response digital sig-
nal in the H polanization direction to generate full
response digital signal 1n the H polarization direction,
and a V-path pre-filtering process for pre-filtering the
partial response digital signal in the V polarization direc-
tion to generate full response digital signal in the V
polarization direction;

the equalizing process uses a buttertly equalizer to perform
buttertly equalization and polarization de-multiplexing
of the filtered full response digital signals inthe Hand V
polarization directions, so as to generate polarization
de-multiplexed tull response digital equalization signals
in the H and V polarization directions;

the phase recovering process comprises a H-path phase
recovering process for performing a phase recovery of
the full response digital equalization signal in the H
polarization direction, and a V-path phase recovering
process for performing a phase recovery of the full
response digital equalization signal 1n the V polarization
direction;

the post-filtering process comprises a H-path post-filtering
process for post-filtering the phase-recovered full
response digital equalization signal in the H polarization
direction, and a V-path post-filtering process for post-
filtering the phase-recovered full response digital equal-
1zation signal 1n the V polarization direction.

% o *H % x
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